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Continues on the last page 
Specifications 

1 . Title of the Invention: Discharge Excitation Excimer Laser Device 

2. Scope of the Claim of the Invention 

(1) A discharge excitation excimer laser device, characterized by the fact that it is equipped 
with an electrode system having a second main discharge electrode arranged in the longitudinal 
direction of the axial direction of the laser light, as well as with a third auxiliary electrode 
deployed so that a dielectric substance is sandwiched between the first electrode and the second 
electrode; 

in a discharge excitation excimer laser device using a mixed gas containing at least a 
halogen gas as a laser gas; 

wherein said dielectric substance comprises alumina porcelain whose main component is 
alumina. 

(2) The discharge excitation excimer laser device described in claim 1 , characterized by the 
fact that the halogen gas is fluorine. 

3. Detailed Explanation of the Invention 
(Sphere of Industrial Use) 

This invention relates to construction of a discharge excitation excimer laser device 
which has a third electrode. 

(Prior Art Technology) 

Figure 3 shows a profile view of the electrode system of a discharge excitation excimer 
laser device according to prior art, (for instance as described in R.C Sze et al., IEEE Journal of 
Quantum Electronics, Vol. 17, No 1, pp. 81 - 91 (1981)). Number (1) indicates the main 
discharge electrode located on one side in the longitudinal direction of the axis of the laser light, 
and (2) is the other main discharge electrode which is deployed opposite electrode (1). Electrode 
(2) consists of parts (2a), (2b), and (2c), wherein (2b) is a screen electrode which is mounted in 
the central part of (2) so that (2a) and (2c) are deployed on both sides of (2b) as supporting 
electrodes supporting (2b). Number (3) indicates a compensation electrode in the shape of a wire 
arranged in the vicinity of main discharge electrode (2) on one side, (4) is a dielectric sandwiched 
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between (2) and (3) in a prior art construction using a silica tube. Number (5) indicates laser gas, 
(6) is a terminal connected to compensation electrode (3) and to main discharge electrode (1), (7) 
is a terminal connected to main discharge electrode (2), (8) indicates a compensating discharge 
generated between dielectric (4) and main electrode (2), and (9) indicates the main discharge 
generated between dielectric (4) and main discharge electrode (2). 

The operation will be explained next. When a pulse voltage is applied between terminals 
(6) and (7), compensation discharge (8) will be generated first between compensation discharge 
electrode (3) and main discharge electrode (2) with a shorter electrode gap than the one existing 
between main electrodes (1) and (2) in the part in which the pulse voltage has been increased. 

[page 2] 

Due to the effect of photoelectric separation (ionization) caused by ultraviolet light rays 
released from this auxiliary electrode, electrons emitted from the electric discharge field will be 
supplied to the main discharge space between the main discharge electrodes (1) and (2) without 
passing through screen electrode (2b). Due to this effect, the electrons can be furnished 
homogeneously with at least 10 4 — 10 6 electrons/cm 3 to the main discharge space (preliminary 
ionization). When a pulse voltage is applied so that the voltage is increased also between 
terminals (6) and (7) until a discharge start voltage is reached between the main discharge 
electrodes, electrons will be supplied first to this space and acceleration will be generated, 
quickly increasing the impact speed of free electrons so that the discharge will be spatially 
extended to main discharge electrode (9). Because laser gas (5) will become excited by this main 
discharge, laser light will be emitted in a vertical direction to a paper surface. Laser light having 
pulse characteristics can thus be repeatedly generated when the above described operation is 
repeated. 

Incidentally, in order to generate laser light with optimal efficiency, a wide space must be 
left between main electrodes (1) and (2) which are deployed opposite each other, which makes it 
possible to emit the main discharge (9) homogeneously in this space. Because of that, when the 
compensation discharge (8) is generated, the spare free electrons must be supplied with a uniform 
density to the main discharge region. In order to realize this in this prior art example, dielectric 
(4) which is formed from a silica tube is inserted between main discharge electrode (2) and 
auxiliary electrode (3) to prevent a localized deflection of the auxiliary discharge. 

In excimer laser devices of commercially available products, laser gas (5) is usually 
sealed in a laser housing unit (not shown in the figure). In case of an xecl excimer laser device, 
the laser gas can be used for instance so that the gas is mixed with a mixing ratio of He, Xe, and 
Hcl of He : Xe : Hcl = 94.7 : 5 : 0.3. In addition, an KrF excimer laser device can be used for 
instance with a mixing ratio of laser gas corresponding to He : Kr : F 2 = 94.96 : 4.8 : 0.24. Also 
other types of excimer lasers, for instance ArF, XeF, etc., can be utilized. The oscillation 
wavelength can be also changed in commercially available products by changing the type of the 
laser gas which is sealed in the design. 
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The laser output of excimer lasers using repeated operations will be gradually decreasing. 
This is because depending on the type of excitation or ions of the halogen or halogenized product 
generated by compensation discharge electrode (8) and main discharge electrode (9), a reaction 
will be initiated with electrodes (1), (2), and (3) and with dielectric (4) forming a structural 
substance on the periphery of these electrodes, generating a discharge of the generated product 
which is harmful to laser oscillations. This is also due to the fact that the concentration of HC1 or 
F2 will be at the same time reduced in the laser gas. When these operations are repeated, the ratio 
of a decreased laser output will be relatively higher in a case when chlorine gas is used when 
compared to a case when a highly reactive fluorine gas is used as a laser gas. 

(Problem To Be Solved By This Invention) 

When a dielectric (4) was inserted between compensation electrode (3) and main 
discharge electrode (2) while quarts was used for this dielectric substance in discharge excitation 
excimer laser devices provided with compensation electrodes according to prior art, the 
following two problems would occur. 

First, in order to achieve a sufficient level of compensation discharge (8), either the 
thickness of quartz (4) must be reduced with a small relative dielectric ratio and the electrostatic 
capacity of the formed dielectric can be increased, or a large voltage must be applied between 
compensation electrode (3) and main discharge electrode (2). However, this will result in an 
increased strength of the electric field applied to quart (4) which is used as a dielectric substance. 
Since quartz has a low insulating capacity, if the operations are conducted under these 
circumstance for a long time, the result will be a deteriorating insulating capacity, which will in 
turn cause problems relating to insulation failure. 

Secondly, although it is possible to use the chlorine type of gas and the fluorine type of 
gas alternately and with a corresponding oscillation wavelength in the same device with a 
common type of an excimer laser device, because excited fluorine molecules, fluorine molecules 
and a fluorine compound generated by discharges when the fluorine type of laser gas is used will 
react with quartz, this will dramatically reduce the concentration of the fluorine gas in the laser 
gas. In addition, when the amount of the impurity gas is also increased by a reaction, this will 
greatly reduce the time ratio during which a laser output can be provided. That is why the laser 
gas must be frequently exchanged in order to maintain the decreasing laser output within a 
certain range. 

The purpose of this invention is to resolve the above mentioned problem areas by 
providing a discharge excitation excimer laser device which not only makes it possible to 
maintain a sufficient compensation discharge, but also suppresses deterioration of insulation over 
a long period of time, enabling to realize a laser gas design characterized by a long life span. 



[page 361] 
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(Means To Solve Problems) 

The discharge excitation excimer laser device of this invention uses for this purpose an 
alumina porcelain whose main component is alumina which is deployed as a dielectric substance 
(4) sandwiched between main discharge electrode (2) and compensation electrode (3). 

(Operation) 

Because the alumina porcelain used in this invention does not decrease the insulating 
capability, providing a high insulating resistance performance due to a relatively high dielectric 
constant even when it is used with a thin thickness, this makes it possible to achieve a 
satisfactory compensation discharge. Moreover, because this substance is inert in fluorine gas, it 
does not exert any influence on laser gas. 

(Invention Embodiments) 

The operation which is identical to the operation of the prior art example will be omitted 
from the present explanation of the invention. The insulation resistance of alumina porcelain 
when the purity of alumina is 99% is approximately 200 KV/mm. In contrast to that, the 
insulation resistance of quartz glass used in a prior art example is in the range of 25 - 40 
KV/mm. Therefore, this makes it possible to utilize the conditions of a higher electric field when 
alumina porcelain is used. It is thus possible to use a thinner thickness of alumina porcelain in a 
dielectric in comparison to prior art when the same pulse voltage is applied between terminal (6) 
and (7). Moreover, while the relative dielectric constant of quartz is 3.8, alumina porcelain has a 
higher value, namely 9. Furthermore, since the power which can be applied to compensation 
discharge electrode (8), relative to the thickness, is proportional to the dielectric constant, the 
resulting effect is that the applied power can be increased thanks to the two advantages 
mentioned above. Accordingly, this makes it possible to conduct satisfactory preliminary 
ionization operations. 

The result is that since the density of electrons generated in the main discharge region can 
be increased by the preliminary ionization, a homogeneous distribution of the density of the 
electrons is thus enabled by the diffusion force of the space of the electrically charged field per 
se, making it possible to obtain a spatially homogenous main discharge (9) and to increase the 
efficiency of laser oscillation. Since the insulation resistance force will be high even when a thin 
thickness of alumina porcelain is used, the insulation performance will not deteriorate even after 
the operations have been conducted for a long time. 

Further, since alumina is inert not only in chlorine but also in fluorine, this means that 
basically no discharge substance (impurity gas, fine particles, etc.) will be generated and no 
influence will be exerted on laser oscillations when alumina porcelain is used as the main 
component of dielectric (10). Finally, this also enables a dramatically decreased concentration of 
the halogen gas in the laser gas mixture during the operation. This is advantageous because the 
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halogen gas can thus be exchanged less frequently, while an accompanying effect is that the 
stability of the laser output is increased. 

Other insulating materials which have a relatively higher dielectric constant then alumina, 
such as titanium oxide porcelain which is used as material for condensers, or titanium oxide 
barium porcelain, etc., cannot be used because these material are more susceptible to fluorine 
permeation. 

Specifically, the following capacity is required from the dielectric substance for the 
excimer laser device using a preliminary discharge with the dielectric of this invention: 

(1) The dielectric constant of the material must be high and the material must enable a high 
input power for prelirninary discharge. 

(2) The insulating resistance of the material must be high, deterioration of the insulating 
capability must be unlikely, and it must be possible to use the material with a thin thickness of 
the dielectric substance. Therefore, the material must enable through this a large input power for 
preliminary discharge. 

(3) The material must be characterized by a high halogen resistance and it must be a material 
that is not prone to a deterioration of the laser gas. 

Alumina is a material that meets all of these conditions. Moreover, if the input power 
used for the main discharge through alumina is not sufficient, a high frequency of several 
hundred MHz must be used in order to deal with this problem. Although a certain thickness of 
alumina is necessary in order to withstand the repeated effect of elongations and contractions 
caused by the piezo effect, which will eliminate the advantage mentioned above in item (2), 
discharge occurring in alumina as described above starts with the preliminary discharge, which 
means that the power will not be required for the main discharge to the same extent. This 
advantage can therefore be realized based on a complete adherence to the 2 points above. 

Finally, although dielectric (10) consisting of alumina porcelain was deployed separated 
from main discharge electrode (2) in the above mentioned embodiment, it is also possible to use 
a construction in which it is in contact with the main discharge electrode, or in which it is for 
example closely attached to it as shown in Figure 2, 

[page 362] 

As shown in the same figure, the main discharge electrode 2 is indicated as an electrode 
comprising a porous plate. Number (2d), (2e) ... indicate the electrode profile. Although in this 
case, the thickness of the dielectric (10) which is sandwiched between compensation electrode 
(3) and main discharge electrode (2) was 8 mm when quartz glass (silica) was used, it was 
confirmed that optimal insulating characteristics can be obtain over a long time period even when 
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this thickness is reduced to 2 mm if alumina porcelain having a purity of 99% is used. Further, 
when the same voltage was applied between electrodes (3) and (2), a higher optical strength was 
observed in the compensation electrode generated by the porous part of main discharge electrode 

(2) - 

Also, although compensation electrode (3) was deployed on the back surface on one side 
of main discharge electrode (2) in the above mentioned embodiment, and dielectric (10) was 
indicated exposed only to compensation discharge electrode (8), it is also possible to use a 
construction with a different arrangement and shape of compensation discharge (8) and main 
discharge electrode (2), for instance so that compensation electrode (3) is deployed on the side of 
the main discharge opposite main discharge electrode (2). 

Further, although compensation electrode (3) was connected to main electrode (1) in the 
above embodiment and a design in which voltage was applied between compensation electrode 

(3) and main discharge electrode (2) automatically when pulse voltage was applied to terminals 
(6) and (7) was indicated, it is also possible to realize another circuit construction, or to connect a 
separate power source between compensation electrode (3) and main discharge electrode (2). 

Finally, although a mixed gas containing chlorine was used for the given case of laser gas 
(5) indicated in the embodiment above, and although it was indicated that it is better to use a 
mixed gas containing fluorine in some cases, it is also possible to use a mixed gas containing 
only fluorine for laser gas (5). 

(Effect of the Invention) 

As was explained above, the insulating resistance power can be greatly increased when 
dielectric (10) is sandwiched between compensation electrode (3) and main discharge electrode 
(2) according to this invention. Moreover, the relative dielectric constant is also increased, and 
since alumina porcelain is used having as the main component alumina which is inert in halogen 
gases, this makes it possible to obtain a sufficient compensation discharge creating a 
homogenous main discharge. At the same time, the operations can be conducted with a high 
reliability for a long period of time without a deteriorating insulating performance, while another 
effect is that the life span of the laser gas is increased. 

4. Brief Explanation of Figures 

Figure 1 shows a profile view of an electrode part of a discharge excitation excimer laser 
device according to an embodiment of this invention, Figure 2 shows a profile view of another 
embodiment of this invention, and Figure 3 shows a profile view of the electrode part of a 
discharge excimer laser device according to prior art. 

The numbers in these figures indicate: (1) is main discharge electrode on one side of the 
construction, (2), (2a), (2b), (2c), (2d), (2e) are main discharge electrodes on the other side, (3) is 
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a compensation electrode, (4) is a dielectric, (5) is a laser gas, an (10) is a dielectric comprising 
alumina porcelain. 

The same codes are also assigned in the figures to the same or corresponding parts. 
Representative: Masuo Oiwa 
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Procedural Amendment (Formal) 



Date: February 18, 1985 



To: Commissioner of the Japan Patent Office 

1 . Item Description: Application Sho 59-2 1 8688 [personal seal] 

2. Title of the Invention: Discharge Excitation Excimer Laser Device 



3. Amendment Submitting Party: 



Relationship to the item: 

Address: 

Name: 

Representative: 

4. Representative: 

Address: 

Name: 



Patent Applicant 

Tokyo-to, Chiyoda-ku, Marunouchi ni-chome, 2 -ban, 3 -go 
(601) Mitsubishi Electric Corporation 
Jinpachiro Katayama 



c/o Mitsubishi Electric Corporation 

Tokyo-to, Chiyoda-ku, Marunouchi ni-chome, 2-ban, 3 -go 

(7375) Masuo Oiwa, patent attorney (personal seal) 
[illegible line] 



5. Date of the Amendment Order: January 29, 1985 (mailing date) 



6. Subject of the Amendment: 

(1) The column entitled "Detailed Explanation of the Invention" 



(1) Lines 2 ~ 4 on page 2 of the Specifications is changed from "R.C. Sze et al., IEE Journal 
of Quantum Electronics, Vol 17., No 1, pp. 81 - 91 (1981)" to "EEEE Journal of Quantum 
electronics, Volume 17, No 1, pp. 81 ~ 91 (1981) (IEEE Journal of Quantum Electronics, Vol. 
17, No. 1, pp. 81 -91 (1981). 
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